Abstract: Resting-state functional connectivity alterations have been demonstrated in Alzheimer's disease (AD) and mild cognitive impairment (MCI) before the observation of AD neuropathology, but mechanisms driving these changes are not well understood. Serotonin neurodegeneration has been observed in MCI and AD and is associated with cognitive deficits and neuropsychiatric symptoms, but the role of the serotonin system in relation to brain network dysfunction has not been a major focus of investigation. The current study investigated the relationship between serotonin transporter availability (SERT; measured using positron emission tomography) and brain network functional connectivity (measured using resting-state functional MRI) in 20 participants with MCI and 21 healthy controls. Two SERT regions of interest were selected for the analysis: the Dorsal Raphe Nuclei (DRN) and the precuneus which represent the cell bodies of origin and a cortical target of projections of the serotonin system, respectively. Both regions show decreased SERT in MCI compared to controls and are the site of early AD pathology. Average resting-state functional connectivity did not differ between MCI and controls. Decreased SERT in DRN was associated with lower hippocampal resting-state connectivity in MCI participants compared to controls. Decreased SERT in the right precuneus was also associated with lower resting-state connectivity of the retrosplenial cortex to the dorsal lateral prefrontal cortex and higher resting-state connectivity of the retrosplenial cortex to the posterior cingulate and in patients with MCI but not in controls. These results suggest that a serotonergic mechanism may underlie changes in brain functional connectivity in MCI. Hum Brain Mapp 38:3391-3401, 2017.
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INTRODUCTION
Resting-state functional magnetic resonance imaging (rsfMRI) can be used to derive correlations in time-varying blood-oxygenation level dependent (BOLD) signal collected when participants are at rest (e.g. resting-state functional connectivity). This method has been shown to identify consistent, replicable sets of brain regions that covary [Damoiseaux et al., 2006] , which are referred to as networks. Resting-state functional connectivity networks reflect structural connectivity patterns [Damoiseaux et al., 2009; Greicius et al., 2009; van den Heuvel et al., 2009] and are thought to reflect the intrinsic organization of brain activity [Buckner et al., 2008; Fox and Raichle, 2007] and communication between distinct areas of the brain [van den Heuvel and Sporns, 2013; van den Heuvel et al., 2009] . The spatial organization of resting-state functional connectivity networks overlaps with well-known and empirically validated networks of brain areas that support basic psychological processes such as perception, attention, and internally directed thought (Fox and Raichle, 2007; Smith et al., 2009] .
Alterations in resting-state functional connectivity in specific networks have been observed in normal aging [Agcaoglu et al., 2015; Damoiseaux et al., 2008; Ferreira and Busatto, 2013; Keller et al., 2015] and in patients with Alzheimer's dementia (AD) [Damoiseaux et al., 2012; Supekar et al., 2008] and mild cognitive impairment (MCI) [Petrella et al., 2011; Rombouts et al., 2005; Sheline and Raichle, 2013; Sorg et al., 2007] . b-Amyloid and tau deposition in AD and MCI is observed in regions of the default mode network (DMN), such as the precuneus, posterior cingulate cortex, anterior prefrontal cortex, and medial temporal lobe [Arnold et al., 1991] . These brain areas are implicated in self-referential processing, memory, and executive function, and importantly, these brain regions overlap with the areas that show loss of the serotonin transporter (SERT) in MCI [Smith et al., unpublished data] .
The serotonin system plays a fundamental role in emotion, cognition, and motivated behaviors [Bell et al., 2001; Canli and Lesch, 2007; Corchs et al., 2015; Cowen and Sherwood, 2013; Schmitt et al., 2006] . While monoamine deficits are consistently reported in post-mortem and neuroimaging studies of AD [Hirao et al., 2015; Palmer and DeKosky, 1993] , serotonin degeneration is greater and more widespread than degeneration of other monoaminergic, and even the cholinergic, systems [Baker and Reynolds, 1989; Cross et al., 1986; Nazarali and Reynolds, 1992; Palmer et al., 1998 ]. Further, cortical serotonin degeneration has been shown to precede substantial cortical b-amyloid deposition and parallels the course of memory deficits to a greater extent than b-amyloid deposition in mouse models of AD. Neuroimaging studies of the serotonin system in MCI and AD have reported reductions of receptors in cortical (e.g. 5HT 1A and 5HT 2A ) and limbic (5HT 1A ) regions, including regions of the DMN [Hirao et al., 2015] . More recently, decreased SERT has been observed in cortical (including the precuneus), striatal, and limbic regions, as well as in the dorsal raphe nuclei (DRN; location of the cell bodies of origin for the cortical, subcortical, and limbic projections), in MCI that was more extensive than regional cerebral atrophy or cerebral blood flow deficits [Smith et al., unpublished data] . The decreases in SERT were also correlated with deficits in verbal and visual-spatial memory. These findings indicate that serotonin denervation may occur in MCI prior to AD neuropathology or deficits in cerebral blood flow/metabolism. Integrating neuroimaging studies of monoamine transporters or receptors and brain networks is, therefore, a unique opportunity to understand the functional consequences of neurochemical deficits that may occur before bamyloid deposition, and may provide important mechanistic information that may have therapeutic implications earlier in the course of the disease.
Functional connectivity deficits in AD have been hypothesized to presage b-amyloid deposition [Jones et al., 2016] . Neurochemical deficits, specifically of the serotonin system, may precede b-amyloid deposition and may contribute to these early connectivity deficits [Liu et al., 2008] . There is evidence for a role of the serotonin system in maintaining the integrity of resting-state networks. 5HT 1A receptor signaling predicted activity of the posterior cingulate cortex, which is a key node of the DMN, during resting-state as well as performance of an executive function task . Administration of a 5HT 1A/2A receptor agonist led to substantial decreases in resting-state activity and connectivity, specifically in the posterior cingulate [CarhartHarris et al., 2012 [CarhartHarris et al., , 2016 Muthukumaraswamy et al., 2013] and hippocampus [Carhart-Harris et al., 2014] . Administration of the selective serotonin reuptake inhibitor (SSRI) escitalopram produced widespread decreases in long-range resting-state connectivity of most cortical and subcortical areas [Schaefer et al., 2014] . SERT genetic polymorphisms and manipulation of serotonin levels have also been shown r Barrett et al. r r 3392 r to affect network functional connectivity [Kunisato et al., 2011; Rao et al., 2007; Wiggins et al., 2012] . Serotonin degeneration may also have secondary effects on other mechanisms (e.g. nodal stress or trophic failure) that would further impair the function of brain networks [Zhou et al., 2012] . Thus, serotonin function may impact resting-state functional brain connectivity, and degeneration of the serotonin system may be related to deficits in functional connectivity observed in MCI and AD.
To evaluate the impact of SERT on resting-state functional connectivity, SERT values from two regions of interest: the DRN (containing cell bodies of origin of the serotonin projections) and the precuneus (a region of cortical serotonin enervation) were correlated with resting state functional connectivity. Both regions show decreased SERT, as well as AD neuropathology in MCI [Rowe et al., 2007, Smith et al., unpublished data] . The hypotheses were tested that DRN SERT in MCI, but not controls, would be associated with decreased functional connectivity in regions of the medial temporal lobe and default mode network and that precuneus SERT would be correlated with decreased functional connectivity with the precuneus and adjacent medial posterior cortical regions (for example, the posterior cingulate cortex).
METHODS

Participant Screening and Selection
Control participants and participants with MCI were recruited via advertisements in the community. All participants underwent cognitive, psychiatric, and medical evaluation prior to the MRI and positron emission tomography (PET) scans. Evaluations included the mini-mental status examination [Folstein et al., 1976] , the clinical dementia rating scale (CDR) [Morris, 1993] , the neuropsychiatric inventory (NPI) [Cummings et al., 1994] , a structured clinical interview (SCID) [First et al., 1995] , and a complete physical examination, including neurological examination and laboratory testing, which included complete blood count, blood chemistry, and toxicology screening. The MCI participants were required to have a CDR global score of 0.5, whereas the controls were required to have a CDR global score of 0 (normal). Participants were excluded from the study who had a history of or active neurological or Axis I psychiatric disorder including substance abuse, who were not medically stable (i.e. if they had poorly controlled hypertension and/or insulin dependent diabetes), or if they used prescription or over-the-counter medications that affected the central nervous system (e.g. antihistamines, cold medications) in the past 2 weeks prior to enrollment. None of the participants had previously taken an antidepressant. Written informed consent was obtained according to procedures established by the Institutional Review Board and the Radiation Safety Committee of the Johns Hopkins University School of Medicine.
Twenty-three patients with MCI (mean age 5 69.8 6 6.7, 15 males) and 21 healthy controls (mean age 5 66.5 6 7.5, 11 males) were enrolled and underwent both MRI and PET scanning. These participants are a subset of the participants described in a report of the PET results only [Smith et al., unpublished data] . As described below, three MCI participants were excluded due to motion during restingstate scans, yielding a final sample for analysis of 20 patients with MCI and 21 healthy controls. Demographic characteristics for each group are shown in Table I . The groups did not differ significantly in age, sex, or education (P > 0.05). All of the MCI participants in the sample underwent b-amyloid imaging (([11C]-PiB; N-methyl-[11C]2-(4'-methylaminophenyl)-6-hydroxybenzothiazole) and demonstrated a distribution volume ratio that is associated with cognitive decline (1.2 or higher for anterior [anterior cingulate or middle frontal cortex] and or posterior cortical regions [superior temporal, precuneus, or posterior cingulate; data not shown] [Resnick et al., 2010] ). In addition, all of the MCI participants performed at least one standard deviation below the normative value for the California Verbal Learning Test, the Brief Visual Memory Test, or both (data not shown). Thus, this is an MCI sample that is highly likely to demonstrate cognitive decline [Resnick et al., 2010] . One of the controls and two of the MCI participants were left handed.
MRI Acquisition and Preprocessing
MRI data were acquired using a Phillips 3.0T Achieva MRI instrument with an eight-channel head coil (Philips 1-5) 40.1 6 11.3 56.5 6 9.7*** Brief Visual Memory Test (sum of trials 1-5) 13.4 6 7.4 20.0 6 4.6** Significant between-group differences: *P < 0.05, **P < 0.01, ***P < 0. [Landman et al., 2011] . A high-resolution structural image (three-dimension magnetization-prepared rapid gradientecho [MPRAGE]; TE 5 4, TR 5 8.9, flip angle 5 88, NSA 5 1, 0.7 mm slice thickness) was collected for each participant.
Resting-state blood-oxygen-level dependent (BOLD) data were also collected for each participant. Participants were scanned in a quiet, darkened room and were instructed to keep their eyes open. BOLD data for each participant consisted of 210 volumes of two-dimensional echo-planar images (EPIs; 3 3 3 mm in-plane resolution, 3 mm slice thickness, 1 mm gap, 37 sequential slices, TR/TE 5 2,000/ 30 ms, flip angle 5 758, with a sensitivity encoding (SENSE) parallel imaging acceleration factor of 2, for a total acquisition time of 7 min). Each participant's EPI data were slice-timing corrected, realigned to the first acquired volume, and co-registered to the participant's MPRAGE using the normalized mutual information algorithm. The MPRAGE was segmented into gray matter, white matter, and cerebrospinal fluid (CSF) masks, and then normalized to the MNI152 template through indirect normalization, which implements nonlinear registration through registration of gray-matter masks to a tissue probability map for the MNI152 template [Ashburner and Friston, 2005] . MPRAGE normalization parameters were propagated to co-registered EPI volumes. EPI data were normalized to the MNI template space and resliced to consist of 2 mm isotropic voxels, and smoothed with a 5mm full width at half maximum (FWHM) kernel. Slice-timing correction and spatial preprocessing steps were completed in Statistical Parametric Mapping version 8 (SPM8; http://www.fil.ion.ucl.ac.uk/spm).
An index of head movement, mean relative displacement (MRD), was calculated as in Power [Power et al., 2012] and individuals with gross motion (>0.50 MRD) were excluded [Power et al., 2014] . Three patients with MCI were excluded for gross motion. MRD for the remaining participants did not differ significantly (M controls 5 0.158, M MCI 5 0.182, t 5 0.751, P 5 0.457). Outlier volumes for the remaining participants were scrubbed after preprocessing. Outliers were identified in the ART (https://www.nitrc.org/projects/ artifact_detect) toolbox using conservative thresholds (global signal z-value >3, composite measure of total motion across translation and rotation >0.5 mm). A combination of the anatomical CompCor method (aCompCor) [Behzadi et al., 2007] and comprehensive motion artifact regression [Satterthwaite et al., 2013] was used to correct for artifacts in resting-state data related to motion and non-neural physiological artifact. aCompCor improves upon the ability to detect neural signal in the presence of non-neural physiological (e.g. cardiac fluctuations and respiration) and nonphysiological (e.g. motion) changes in BOLD signal and does not require either the measurement of physiological indices (e.g. heart rate or respiration) [Behzadi et al., 2007] or regression of the global signal [Chai et al., 2012] . Comprehensive motion artifact regression [Satterthwaite et al., 2013] has been shown to remove motion-related artifacts that remain after aCompCor correction. Linear effects and their first derivatives, as well as the quadratic of linear effects and derivatives, for the following variables were regressed out of the resting-state data: white matter (the first five components from principle components analysis, or PCA, of the average white matter signal), CSF (the first five components from PCA of the average CSF signal), and the six standard motion parameters (x, y, z translations and rotations). White matter and CSF masks were generated during MPRAGE segmentation, resliced and normalized to the space of preprocessed EPI (2 mm isotropic voxels), and eroded by one voxel. Despiking with a hyperbolic tangent function was performed after nuisance regression, and motion spike regression was performed using a regressor generated for outlier volumes identified by the ART toolbox. Bandpass filtering (0.008 f 0.09 Hz) was performed after nuisance regression [Hallquist et al., 2013; Satterthwaite et al., 2013] . Use of the derivative of root mean squared (rms) variance over voxels (DVARS) and voxel-wise displacement parameters have previously been shown to not improve the removal of motion artifact above comprehensive motion parameters and despiking [Satterthwaite et al., 2013] ; thus, these parameters were not used here. ROIs were then extracted for statistical analysis. ROIS consisted of 84 unilateral Brodmann Area ROIs (obtained from the Talairach Daemon atlas) [Lancaster et al., 2000] , four resting-state DMN ROIs that were previously shown to have strong intersession reliability [Whitfield-Gabrieli and Nieto-Castanon, 2012] , and 20 ROIs from the SPM Anatomy Toolbox [Eickhoff et al., 2005] that identify unilateral regions within the amygdala (including unilateral regions for the superficial, laterobasal, and centromedial complexes) and the hippocampus (including CA1-3, the subiculum, the dentate gyrus, the entorhinal cortex, and the hippocampal-amygdaloid transition region) , as these cover middle-temporal regions that have been implicated in AD pathology. A total of 108 ROIs were extracted for the analysis. Gray matter and intracranial volumes were also estimated using Freesurfer (http://surfer.nmr.mgh.harvard.edu/), for inclusion as analysis covariates. ]-DASB) was synthesized as described in Wilson et al. [2002] and was used to measure SERT. Dynamic scanning began immediately upon a 15 mCi 6 10% radiotracer injection and lasted for 90 min. The 90-min list mode data were binned into 30 frames (four 15 s, four 30 s, three 1 min, two 2 min, five 4 min, and twelve 5 min frames). The images for [ 11 C]-DASB were reconstructed using the iterative ordered subset expectation maximization (OS-EM) algorithm (with 6 iterations and 16 subsets) with correction for radioactive decay, dead time, attenuation, scatter, and randoms [Rahmim et al., 2005] . The reconstructed image space consisted of cubic voxels, each 1.22 mm in size, and spanning dimensions of 256 mm (left-to-right) by 256 mm (nasion-to-inion) by 207 mm (neck-to-cranium). The final spatial resolution is expected to be less than 2.5 mm FWHM in three directions .
PET Acquisition and Preprocessing
Parametric images of distribution volume ratio (DVR) and transport rate constant ratio (R 1 ) were generated for the [ 11 C]-DASB data by using the simplified reference tissue model (SRTM) and linear regression with a spatial constraint parametric imaging algorithm [Zhou et al., 2003 ]. The time activity curve from the cerebellar ROI was used for the input function. As described in prior studies and reviewed by Parsey et al. [2006] , the cerebellar ROI was carefully delineated to include the cerebellar gray matter and exclude the white matter and vermis in order to minimize the inclusion of SERT in the reference region. DVR images were co-registered to the participant's MPRAGE image with SPM8 using the normalized mutual information algorithm. Co-registered DVR images were then normalized to the MNI152 T1 template using the fast diffeomorphic registration algorithm (DARTEL) [Ashburner, 2007] and smoothed with an isotropic Gaussian kernel (FWHM 3mm). Left and right DRN ROIs were then extracted for use in analysis. The left and right DRN were identified on the sagittal plane of the DARTEL-normalized MPRAGE MRI scan following the anatomical landmarks described by Kranz . The DRN ROIs were a standard sphere for all subjects of 3 mm in diameter and placed between the superior and inferior colliculus starting medially and extending laterally. The ROIs were visually inspected on all participants' MRI and PET data for proper anatomical localization. Left and right precuneus ROIs were defined using the automated anatomical labeling atlas [Tzourio-Mazoyer et al., 2002] . Representative values from left and right DRN and left and right precuneus ROIs were extracted from the [ 11 C]-DASB DVR images as the average value in all voxels within each ROI. Left and right DRN values from each participant were very highly correlated (r50.91, P < 0.0001). Therefore, left and right DRN values were averaged to yield a single DRN SERT binding value for each participant, for use in subsequent analyses. Left and right precuneus SERT values were not very highly correlated (r50.46, P < 0.01) and thus were not averaged, and separate analyses were conducted for left and right precuneus SERT.
Statistical Analysis
Resting-state functional connectivity analysis of BOLD data was conducted using the CONN toolbox [Whitfield-Gabrieli and Nieto-Castanon, 2012] . All pair-wise zero-order Pearson correlations were estimated between all 108 ROIs for each participant. Within-participant correlation matrices were transformed using Fisher's r-to-z transformation and submitted to group-level analysis (corrected for multiple comparisons using false discovery rate, P < 0.05), where functional connectivity was compared between groups. ROI pairs with an average connectivity that was not significantly different than zero in either group were excluded from further analysis.
Individual differences in functional connectivity were then predicted by (associated with) SERT in the DRN and the precuneus. The interaction of group and SERT on functional connectivity measures was investigated for each SERT ROI (DRN, left precuneus, right precuneus). Gray matter volume of the left or right precuneus, corrected for total intracranial volume, was also included as a covariate in analyses that included the left or right precuneus SERT measures, respectively. Analyses that included DRN SERT did not include a measure of DRN volume, as the DRN ROI was a fixed size across subjects. Results were corrected for multiple comparisons between all ROIs (false discovery rate, P < 0.05). Post hoc analyses of the relationship between SERT binding and functional connectivity were calculated separately among the controls and MCI cohorts for those pairs of regions that were shown to be significantly different in the interaction analysis for each SERT ROI. Two MCI participants were suspected outliers as they exhibited very low SERT. The possibility that these participants might be exerting high influence on regression results in analyses of the effect of SERT on individual ROI pairs was evaluated. To protect against such observations that may have unreasonably high influence on model outcomes, Cook's Distance was calculated as a metric of influence, and SERT values for a given participant were excluded from a given analysis of ROI pairs if they yielded a Cook's Distance that was three standard deviations or greater from the mean Cook's Distance for the sample. In most cases, the two participants in question with very low SERT did not exert high influence on regression results. No more than two observations in any given comparison were excluded on the basis of a Cook's Distance value three standard deviations or greater than the mean for the sample, and no participant was excluded from more than four ROI comparisons.
RESULTS
No differences in functional connectivity were observed between controls and patients with MCI. DRN SERT binding values were significantly lower in MCI than in controls (M MCI 5 3.35, SD MCI 5 0.57; M Control 5 3.83, SD Control 5 0.48; t 5 4.10, P < 0.0005). Precuneus SERT binding values were significantly lower in MCI than in controls in both the left precuneus (M MCI 5 1.19, SD MCI 5 0.18; M Control 5 1.32, SD Control 5 0.14; t 5 2.51, P 5 0.017) and right precuneus (M MCI 5 0.80, SD MCI 5 0.09; M Control 5 0.95, SD Control 5 0.12; t 5 4.35, P < 0.0001). Gray matter volume did not differ significantly between controls and MCI for the left precuneus (t 5 1.68, P 5 0.101) or right precuneus (t 5 1.42, P 5 0.163).
Relationship Between Resting-State Functional Connectivity and SERT Binding in the DRN
Decreased SERT in the DRN (Table II) was associated with lower levels of functional connectivity in MCI and higher levels of functional connectivity in controls between the CA2 region of the left hippocampus and the right dentate gyrus (Fig. 1A) . Functional connectivity of the CA2 region of the left hippocampus with the right CA3 region (Fig. 1B ) and subicula bilaterally (Fig. 1C,D) was greater with decreased SERT in the DRN in controls, and showed positive, but not significant correlation (i.e. higher levels of connectivity with increased DRN SERT) in MCI.
Relationship Between Resting-State Functional Connectivity and SERT Binding in the Precuneus
Decreased SERT in the right precuneus (Table III) was associated with decreased functional connectivity in MCI and increased functional connectivity in controls between left dorsolateral prefrontal cortex (BA 46) and the left retrosplenial cortex (BA 29; Fig. 2A ). Decreased SERT in the right precuneus was associated with increased functional connectivity in MCI, and trended towards positive correlation in controls (i.e. decreased SERT in right precuneus associated with increased functional connectivity) in controls, between the right retrosplenial cortex (BA 29) and the left dorsal posterior cingulate cortex (BA 31; Fig. 2B ). The effects of right precuneus gray matter volume covariates for each ROI pair were not significant. No significant associations were observed between SERT in the left precuneus and functional connectivity of any ROI pair.
DISCUSSION
The results of the present study have shown that serotonin denervation (as indexed by decreased SERT) in the DRN is associated with altered functional connectivity of regions of the hippocampal complex (Fig. 1A-D) . The hippocampal complex is well-established as a brain region that supports memory formation, consolidation, and retrieval [Carr et al., 2011; Murty et al., 2010] . The hippocampus is also implicated in memory impairment and shows early pathology in MCI and AD [Leal and Yassa, [Azmitia and Segal, 1978; Vertes, 1991] , and serotonergic projections from the DRN play a critical role in supporting neurogenesis in the hippocampus, which is critical for learning and memory [Alenina and Klempin, 2015] . Deficits in both structural and functional connectivity in this region have been demonstrated in MCI and early AD [Zhang et al., 2009; Zhou et al., 2008] . Thus, the reported findings are consistent with the neurobiology of the hippocampus and the serotonin system, and provide insight into the relationship between central serotonergic functioning (in the DRN) and functional connectivity of brain regions that are implicated in MCI and have been shown to express AD pathology. However, the reported connectivity results must be considered with some caution, since hippocampal subfields are small structures, and the current findings are based on standard fMRI resolution. Future investigations should seek to replicate these findings using high-resolution functional imaging of the medial temporal lobe. While SERT binding in the DRN was associated with connectivity of regions of the hippocampus, all but one of these effects was found between connectivity of contralateral rather than ipsilateral ROIs. This may suggest serotonergic involvement in signaling across hippocampal commissural projections, which have been demonstrated in the subiculum, dentate gyrus, and regio inferior regions (which roughly correspond to CA2 and CA3 regions of the hippocampus) [Amaral et al., 1984; Gloor et al., 1993] .
The present study also demonstrated that higher levels of functional connectivity between the retrosplenial cortex (which has close proximity to the precuneus) and the dorsal lateral prefrontal cortex (DLPFC) are associated with serotonin denervation in the right precuneus (Fig. 2) . Precuneus gray matter volumes were included in the analyses to address potential effects of volumetric differences between subjects. The results remained significant after covarying for precuneus volume; however, no significant associations were observed between left precuneus SERT and brain functional connectivity. Increased connectivity of executive control networks with DMN regions adjacent to the precuneus has previously been reported in AD [Agosta et al., 2012; Damoiseaux et al., 2012] but not in MCI [Agosta et al., 2012] . These results suggest that loss of serotonin enervation may be associated with network dysfunction in MCI.
Several issues should be considered in the interpretation of the findings from this study. If an association between cortical serotonin degeneration and AD pathology were well-established in the literature, SERT in the precuneus might represent a secondary effect of AD pathology, rather than a primary effect of serotonin neurodegeneration. Also, precuneus volumes were included as a covariate to address the possible effects of volumetric changes of the precuneus on the SERT measurements. However, SERT in the DRN could also be affected by partial volume effects. DRN volumes could not be determined because the DRN does not have well-defined boundaries that can be delineated on an MRI scan.
Observing an association between interindividual differences in functional connectivity and SERT raises the question of whether changes in the serotonin system could be an effective target for treatment to modulate network function. Longitudinal evaluation of multimodality imaging of SERT and resting-state fMRI is supported by the present results with respect to assessing whether the reported associations predict and correlate with subsequent cognitive decline in MCI. As mentioned in the introduction, evidence from animal models suggests that serotonin degeneration may occur early in the course of AD and serotonin agents may have multiple relevant therapeutic mechanisms [Liu et al., 2008; Meneses et al., 2011] . If serotonergic dysfunction in MCI leads to decline of resting-state connectivity and cognitive function, serotonergic agents may improve cognition and potentially slow cognitive decline.
CONCLUSION
While average functional connectivity values did not differ between controls and patients with MCI, individual differences in SERT in the DRN and precuneus predicted individual differences in functional connectivity in patients with MCI. The findings demonstrate an impact of loss of SERT in the DRN and precuneus on subcortical and cortical functional connectivity in patients with MCI and highlight the role of the serotonin system in individual variation in limbic and cortical functional connectivity.
